Six slightly halophilic, thermophilic bacterial strains were isolated from saline hot springs along the Bay of Naples, Italy. These strains produce bright yellow colonies and have a filamentous morphology and an optimum growth temperature of about 60°C. Lipid composition and 16s ribosomal DNA sequence analyses showed that these strains belong to the genus Thermonema, a member of the cytophaga-flavobacter-bacteroides phylum. Growth was observed in medium containing 1 to 3% NaCl. The DNA G+C content was 50.9 mol%. DNA-DNA hybridization studies showed that these strains represent a new species of the genus Thermonema. We propose that strain NR-27T (T = type strain) and the other strains represent a new species, Thermonema rossianum. Strain NR-27 (= DSM 10300) is the type strain of this species.
The majority of the thermophilic members of the Bacteria have been isolated from continental geothermal areas throughout the world where the sodium concentration is low, but thermophilic and hyperthermophilic aerobic species, such as Thermus thermophilus, Rhodothermus marinus, Aquifa pyrophilus, and anaerobic species of the order Thermotogales, have also been isolated from marine hot springs where the salinity is lower than or similar to that of seawater (1, 2, 15, 17) . Most of the organisms originating from marine hot springs are slightly halophilic and are, therefore, restricted to saline thermal environments. However, Thermus thermophilus is a halotolerant organism that has also been isolated from continental hot springs with low sodium contents (14).
The thermophilic bacterium Thermonema lapsum is represented by a few strains isolated from continental hot springs in New Zealand (8, 22) . These strains are filamentous, have gliding motility, form yellow-pigmented colonies, and have an optimum growth temperature of about 60°C and a maximum growth temperature of about 70°C. This species has been shown to represent a deep branch within the cytophaga-flavobacter-bacteroides phylum. This species also possesses relatively large proportions of hydroxy fatty acids and ninhydrinpositive polar lipids, as do many species belonging to this phylum (18) .
We recently isolated several yellow-pigmented filamentous strains from saline hot springs near Naples, Italy, and these strains had phenotypic and chemotaxonomic characteristics that were very similar to those of Themzonema lapsum. However, unlike Thermonema lapsum, the new isolates from Naples were slightly halophilic. In this paper we describe a new species of the genus Themzonema, for which the name Thermonema rossianum is proposed.
MATERLALS AND METHODS
Isolation and bacterial strains. Strains NR-7 and NR-27T (T = type strain) were isolated from a thermal water tap at the Stufe di Nerone; strains SC-1, SC-3, and SC-5 were isolated from the vent located by the beach at the Ris-torante lo Scoglio; and strain AG3-1 was isolated from a hot pool at the Termi di Agnano. Water samples were transported without temperature control, and the samples were filtered within 5 days through membrane filters (Gelman type GN-6; pore size, 0.45 pm; diameter, 47 mm); the filters were placed on the surfaces of medium 162 (4) agar plates containing 1.0% NaC1, which were wrapped in plastic bags and incubated at 60°C for up to 7 days. Cultures were purified by subculturing and were maintained at -80°C in medium 162 containing 1.0% NaCl and 15.0% glycerol. Thermonema lapsum DSM 571gT was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany.
Morphological, biochemical, and tolerance characteristics. Unless otherwise stated, all morphological, biochemical, and tolerance tests were performed as described previously (14, 17, 21) in medium 162 containing 2.5 g of yeast extract per liter and 2.5 g of tryptone per liter without added NaCl or supplemented with 1.0% NaCl for the new isolates and incubated at 60°C for up to 3 days. The growth temperature ranges of Thermonema lapsum DSM 5718T and strains SC-1 and NR-27T were examined by measuring the turbidity at 610 nm of cultures grown in 300-ml metal-capped Erlenmeyer flasks containing 100 ml of medium 162 in a reciprocal water bath shaker. The salt range for growth was examined as described above by adding different amounts of NaCl to the culture medium. The pH range for growth was examined in medium 162, as described above, by using 20 mM MES [2-(N-morpholino)ethanesulfonic acid] between pH 5.0 and 6.5, Tris between pH 7.0 and 8.5, and CAPS0 [3-(cyclohexylamino)-2-hydroxy-lpropanesulfonic acid] between pH 9.0 and 10.5.
Carbon source assimilation tests were performed in a minimal medium composed of medium 162 basal salts containing 1.0% NaCl for the new isolates to which filter-sterilized ammonium sulfate (0.5 g liter-') and yeast extract (0.3 g liter-') were added. Growth was examined by measuring the turbidity of cultures grown in 300-ml metal-capped Erlenmeyer flasks containing 100 ml of medium and incubated at 60°C for up 24 h as described above. Positive control cultures were grown in medium 162 containing 2.5 g of yeast extract per liter and 2.5 g of tryptone per liter and in minimal medium containing vitamin-free Casamino Acids (0.2 g liter-'), and negative controls were grown in minimal medium without a carbon source. The following filter-sterilized carbon and energy sources were tested: amino acid mixture 1 as described by Hudson et al. (8) ; an amino acid mixture containing all 20 natural amino acids, each at a concentration of 40 mg liter-'; single amino acids, each at a final concentration of 0.2 g liter-'; and monosaccharides, disaccharides, organic acids, polyols, glycine-betaine, and N-acetylglucosamine, each at a final concentration of 0.2 g liter-'. A filtersterilized vitamin and nucleotide supplement (23) was also added in initial tests in an attempt to improve growth in the minimal medium.
Polar lipid, lipoquinone, sphingolipid base, and fatty acid compositions. Cultures for polar lipid analysis were grown in l-liter Erlenmeyer flasks containing 200 ml of medium 162 supplemented with 1% NaCl or without NaCl at 60°C in a reciprocal water bath shaker until the late exponential phase of growth. Harvesting of the cultures, extraction of the lipids, and two-dimensional thin-layer chromatography were performed as previously described (19) .
Lipoquinones were extracted from freeze-dried cells and purified by thin-layer chromatography as described by Tindall (26) . The lipoquinones were separated with a Gilson high-performance liquid chromatography apparatus by using a reverse-phase (RP18) column (Spherisorb S5 ODS2) with methanol-heptane (10:2, vol/vol) as the mobile phase and were detected at 269 nm.
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Sphingolipid bases were extracted and hydrolyzed from whole cells as described by Yabuuchi et al. (28) and Yano et al. (29) . Ether extracts containing alkaline-hydrolyzed sphingolipid long-chain bases were developed on silica gel thin-layer chromatography plates (Kieselgel 60; Merck) with chloroform-methanol-water (65:25:4, by volume) and were visualized with ninhydrin (0.2% in acetone).
Cultures for fatty acid analysis were grown on medium 162 plates in sealed plastic bags submerged in a water bath at 60°C for 24 h. Fatty acid methyl esters (FAMEs) were obtained from fresh wet biomass by saponification, methylation, and extraction as described previously (12). The FAMEs were separated with a Hewlett-Packard model 5890 gas chromatograph equipped with a flame ionization detector fitted with a 5% phenylmethyl silicone capillary column (0.2 mm X 25 m; Hewlett-Packard). The carrier gas was high-purity H,; the column head pressure was 60 kPa; the septum purge rate was 5 ml min-'; the column split ratio was 55:l; and the injection port temperature was 300°C. The temperature of the oven was programmed to increase from 170 to 270°C at a rate of 5°C min-'. Identification and quantification of the FAMEs, as well as a numerical analysis of the fatty acid profiles, were performed by using the standard MIS Library Generation software (Microbial ID, Inc., Newark, Del.).
Determination of G+C content of DNA and DNA-DNA reassociation studies. The DNA was isolated as described by Cashion et al. (3) . The G + C content of the DNA was determined by high-performance liquid chromatography as described by Mesbah et al. (16) .
DNA for DNA-DNA reassociation studies was isolated by chromatography on hydroxyapatite by the procedure of Cashion et al. (3) . DNA-DNA hybridization was carried out as described by De Ley et al. (5) , with the modifications described by Hun et al. (9), using a Gilford System model 2600 spectrophotometer equipped with a Gilford model 2527-R thermoprogrammer and plotter. Renaturation rates were computed with the TRANSFER.BAS program (10).
16s rDNA sequence determination and analysis. Genomic DNA extraction, PCR-mediated amplification of the 16s ribosomal DNA (rDNA), and purification of PCR products were carried out as described previously (20) . Purified PCR products were sequenced by using a Tag DyeDeoq terminator cycle sequencing kit (Applied Biosystems, Foster City, Calif.) as directed in the manufacturer's protocol. Sequence reaction mixtures were electrophoresed with an Applied Biosystems model 373A DNA sequencer. The 16s rDNA sequences were aligned manually with the sequences of representatives of the cytophaga-flavobacterbacteroides lineage. Painvise evolutionary distances were compared by using the correction of Jukes and Cantor (11) . The least-squares distance method of De Soete (6) 
RESULTS AND DISCUSSION
Isolation of strains and morphological and biochemical tests. The new Thermonema strains were isolated from three sites along the northern edge of the Bay of Naples. The hot spring at the Ristorante lo Scoglio is located on a beach a few meters from the edge of the Bay of Naples at Lucrino, Italy, and the hot spring at the Stufe di Nerone is located about 100 meters inland. These hot springs have water with a neutral pH value, temperatures of 62.5 and 66.2"C7 respectively, and Na+ levels of 11.36 and 5.98 g liter-', respectively. The spring at the Termi di Agnano is located about 3 km south of the other sites and about 2 km inland; the temperature at this site was 5 7 T , the pH was 6.4, and the Na+ content was 1.98 g liter-'.
All of the strains formed very thin, long, filamentous cells, produced bright yellow colonies on medium 162, and had an optimum growth temperature of about 60"C, but did not grow at 70°C (Fig. 1) . However, the new isolates could be easily distinguished from Thermonema Zapsum DSM 5718T by their inability to grow in medium 162 without additional NaCl (Fig.  2) . Strains SC-1 and NR-27T exhibited optimum growth in medium 162 containing 1.0 to 3.0% NaCl, but did not grow in medium 162 containing 6.0% NaC1. On the other hand, Thermonema lapsum DSM 57MT exhibited optimum growth in medium 162 without added NaC1, and growth decreased progressively as salt was added until no growth was observed in medium 162 containing 4.0% NaCl. The salt required by the Neapolitan strains was not replaced by 1.0% KC1 or 1.0% MgC1,.
All other phenotypic characteristics examined were identical in Themzonema Zapsum DSM 5718T and strains NR-27T, SC-1, and AG3-1; these organisms degraded casein, gelatin, and hippurate, but did not hydrolyze starch, xylan, and cellulose. All of the strains grew on vitamin-free Casamino Acids, on complex amino acid mixture 1 of Hudson et al. (8) , which does not contain cysteine, asparagine, glutamine, and tryptophan, on a mixture of the 20 natural amino acids, and on 0.25% yeast extract. Growth was not observed on single amino acids or on an amino acid mixture containing cysteine, asparagine, glutamine, and tryptophan. Growth did not occur on pentoses, hexoses, N-acetylglucosamine, disaccharides, glycine-betaine, polyols, and organic acids, including formate. The addition of a vitamin-nucleotide solution to the minimal medium did not improve growth.
The description of Thermonema lapsum stressed the inability of this species to grow on single amino acids (8), and this characteristic was also found in the new isolates. No simple explanation can be given for these results, although other bacteria (namely, members of the genus Legionella) also appear to require complex amino acid mixtures for growth (25'). Moreover, growth was always poor in the minimal medium contain- ing amino acid mixtures, and the strains lysed very rapidly at the onset of the stationary phase of growth, leading to a substantial decrease in the turbidity of the cultures in medium 162 and in the minimal medium. For this reason, growth was continuously monitored to avoid measuring growth during the latter part of the growth cycle when lysis had started.
Polar lipid, menaquinone, and fatty acid compositions. Menaquinone 7 was the major respiratory quinone, and two sphingosine bases were detected by thin-layer chromatography. The polar lipids of the strains examined were dominated by ninhydrin-positive lipids, two of which were aminophospholipids, and three lipids that did not react with a-naphthol for carbohydrates or the Dittmer-Lester reagent for phosphoruscontaining lipids (Fig. 3) .
The fatty acid composition of all of the strains was dominated by 15:O is0 (29.3 to 42.4% of the total fatty acids) and by 17:O is0 3-OH (17.4 to 22.4% of the total fatty acids); 15:O anteiso, 15:O is0 2-OH, and 15:O is0 3-OH were also found in moderate relative concentrations, but other fatty acids were minor or vestigial components. The total relative proportion of hydroxy fatty acids was very high, about 40% of the total fatty acids ( Table 1) .
The lipid composition allies these organisms with the species of the cytophaga-flavobacter-bacteroides phylum because of the presence of sphingolipids and the very large quantities of hydroxy fatty acids which are present in many species in this phylum (27) . However, none of the chemotaxonomic parameters allowed the new isolates from Italy to be distinguished from Thermonema lapsum.
16s rRNA gene sequence analysis and DNA-DNA reassociation. Almost complete 16s rDNA sequences (>95% of the E. coli sequence) were determined for strains NR-27T, SC-1, and AG3-1. The 16s rDNA sequences comprised 1,465 nucleotides for all three strains and covered the region between positions 37 and 1514 (E. coli numbering). Comparison of these sequences with sequences available from the public databases (13, 24) demonstrated that strains NR-27T, SC-1, and AG3-1 are related to the cytophaga-flavobacter-bacteroides phylum and, more precisely, to Thermonema lapsum (Fig. 4) . The levels of 16s rDNA sequence similarity between the new isolates and the other representatives of the cytophaga-flavobacterbacteroides phylum ranged from 79.0 to 97.5%, based on a comparison of 1,275 unambiguous nucleotide positions. The highest levels of similarity were the levels of similarity to Thermonema lapsum (97.2 to 97.5%). Painvise comparison of the 16s rDNA sequences (using all nucleotide positions between positions 37 and 1514 [E. coli numbering]) of Thermonema lapsum and strains NR-27T, SC-1, and AG3-1 demonstrated that the levels of sequence similarity among the three new isolates were 99.2 to 99.7% and that the levels of similarity between Themonema lapsum and the new isolates were 96.5 to 96.8%. DNA-DNA reassociation studies were used to confirm the species status of the three new isolates in relation to Themonema lapsum. The results of DNA-DNA reassociation studies are given in Table 2 . These results confirm the high degree of relatedness among the three new isolates found by 16s rDNA sequence comparison. The values greater than 91 % indicate that all three strains belong to a single species. The species status of these three isolates was demonstrated by the reassociation values obtained in comparisons with Themonema lapsum (36.9 to 40.6%).
Str-ins of Themonema lapsum have been isolated only from terre rial, nonsaline hot springs in the Rotorua area of New Zealand. Our results show that Themonema lapsum is not halophilic but is more halotolerant thp most Themus spp. strains isolated from nonmarine hot springs (7, 14, 15) . On the other hand, the strains of Thermus themophilus that originated from terrestrial or marine geothermal areas are slightly more halotolerant than Themonema lapsum. The other aerobic thermophilic bacterium isolated from shallow marine hot springs, Rhodothemus marinus, is slightly halophilic, requiring about 0.25% NaC1, but does not grow in media containing more than about 6.0% NaCl (17) . The new Themonema sp. strains isolated from Italy are also slightly halophilic, but have a very low Naf requirement. The strains from Agnano, in contrast to the isolates from Ristorante lo Scoglio and Stufe di Nerone, originated from hot springs having low levels of salinity, indicating that these organisms can also colonize environments where the Naf concentration is low.
The 16s rDNA sequence analysis clearly demonstrated that strains NR-27T, SC-1, and AG3-1 are members of the genus Themonema. The high degrees of 16s rDNA sequence similarity among these three strains shows that they belong to one species, which is distinct from Thermonema lapsum. This was confirmed by DNA-DNA reassociation studies. On the basis of these data and the halophilic nature of the strains, we propose a new species for strains NR-27T, SC-I, and AG3-1.
Description of Thermonema rossianum sp. nov. Nobre, Rainey, and da Costa. Themonema rossianum (ros. si. a' num. M. L. adj. rossianum, pertaining to Rossi, in honor of Mos6 Rossi, noted Neapolitan biochemist). Themzonema rossianum strains form long filaments of variable length, which are about 0.7 pm wide. Gram stain negative. The cells are nonmotile, and spores are not formed. Colonies on medium 162 are yellow pigmented and 2 mm in diameter after 48 h of growth. The optimum growth temperature for strain NR-27T is about 60°C; growth does not occur at 30 and 70°C in medium 162. The optimum pH is between 7.0 and 7.5; growth does not occur at pH 5.0 or 10.0. The optimum NaCl concentration for growth is between 1.0 and 3.0%; growth does not occur in medium 162 without added NaCl or in medium containing an NaCl concentration greater than 6.0%. The major fatty acids are 15:O is0 and 17:O is0 3-OH. The major respiratory quinone is menaquinone 7; sphingolipids are present. All strains are oxidase positive and catalase positive. Nitrate is not reduced to nitrite. Casein, elastin, and gelatin are degraded; starch, xylan, and cellulose are not degraded. The strains utilize Casamino Acids and complex amino acid mixtures for growth. The strains of this species do not grow on single amino acids, sugars, organic acids, and polyols.
The DNA of strain NR-27T has a G + C content of 50.9 mol%. This bacterium was isolated from a saline hot spring close to the Bay of Naples. Strain NR-27T has been deposited in the Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany, as strain DSM 1030077. Strains SC-1 (= DSM 10298) and AG3-1 (= DSM 10299) are reference strains of this species.
